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Left: Absorbance at
253.7 nm of pore
waters versus
depth. SC and KL
refer to Scorpion
Creek and Kangaroo
Lake sites
respectively. Right:
UV-VIS analysis for
organic acids in
sample pore waters.
How many bacteria are present?
What are the controlled effects of specific organic acids on the
weathering of serpentinite?
What type of siderophores are present in weathered serpentinite?
What are the effects on weathered serpentinite?
Does the number of bacteria have a major impact on the weathering
rate?
How does the abundance of iron affect the bacteria?
Which organic acids impact the weathering rate the most?
Does the depth of the soil have an impact on the amount of organic
acids present?
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FUTURE WORK
• Bulk chemistry and bulk minerology analysis indicated lizardite as the main mineral
in the rock samples.
• SEM analysis indicates weathered surfaces.
• In order to confirm the presence of iron related bacteria previously detected,
Biological Activation Reaction Tests and Fe-oxidizing samples will be allowed to
culture for an extended period of time. Previous tests have implied longer time
needed for growth.
• Ultraviolet absorbance of porewaters suggests decreasing concentrations of UV-
absorbing compounds with increasing depth.
• Organic acids are likely to be present but other organic compounds such as lignin,
tannin, humic substances, and aromatic compounds also absorb UV light.
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Left: Concentration of iron over time from
dissolution experiments of the mineral
hornblende with and without the siderophore
desferrioxamine B. (DFAM) (Liermann et at.,
2000). Below: structure of DFAM (Liermann el aL,
2000). Above: Schematic of the test for
siderophores (Schwynn and Neitands, 1987), in
which the siderophore (L) reacts with the dye
Chrome Azurol S, resulting in a color change
which allows the concentration of the
siderophore to be measured.
BACTERIA
SEM pictures of samples:
In each case the image is
of a cross-section through
a characteristic weathered
surface of the rock into
the unweathered interior.
Light grey mineral in all
samples was identifed as
lizardite. White minerals
were primarily iron
oXides.A) Scorpion Creek
rock 70-76 cm. B) Scorpion
Creek Soil 0-10 cm. C)
Kangaroo Lake rock 57-66
em showing visible signs of
weathering D) Kangaroo
Lake soil 60 cm.
(Emerson and Moyer 1997)
Iron oxides from oxidized ferrous iron adhere to surface silicate clays decreasing the
weathering rate. Iron oxidizing bacteria would most likely be found in the low oxygen
environment in deep rock samples. A) Control. B) Kangaroo Lake rock deeper set of
samples. C) Representation of iron-oxidizing bacteria growth.
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Iron related Biological Activation Reaction Tests (BARTs), in which 0.5 g of rock or soil
are combined with phosphate-buffered saline solution and a nutrient pellet. D)
Control. E) Kangaroo Lake soil samples. F) Scorpion Creek samples. Growth of iron
related bacteria would result in a brown ring, brown gel, or brown cloud.
XRD: Analyzed from powdered samples.
Biological Activity Reaction Tests (BARTs): Mixed
samples with a phosphate buffered saline
solution and observed over time.
Cultures: suspended rock samples in vitamin rich
gel with a iron sulfide base and observed over
time.
XRF: Analyzed for major elements from
powdered and heated samples.
UV-VIS: Pore water samples will be mixed with a
CAS assay and analyzed.
SEM/EDS: Analyzed from epoxy embedded and
polished samples.
Samples were stored in the refrigerator after
collecting from soil pits and rock cores.
UV-VIS: Detection of organic acids by absorbance
at 253.7 nm.
FIELD AREA
METHODS
Serpentinite derived samples were collected
on ridge tops of the Trinity Alps of the
Klamath Mountains.
ABSTRACT
Due to the unusual chemistry of serpentine soils, serpentine ecosystems
have deeper and better-developed root systems than other ecosystems. The
rhizosphere of serpentine systems, documented to produce abundant organic
acids and siderophores, is also likely to impact serpentine soils. In order to
test the effects of biological impacts on serpentine soil formation, soil pore
waters were analyzed for organic acids. Furthermore, Fe-oxidizing bacteria
have been detected using Biological Activity Reaction Tests (BARTs) and such
bacteria were investigated by enrichment cultures. In addition to directly
measuring the biological factors including organic acids, siderophores, and
Fe-oxidizing bacteria, the impact of such weathering on soils and rock was
examined using XRF, XRD, and SEM.
To avoid areas that have been glaciated more
recently than 10 ka (> 6BOO It), samples
were collected between elevations of 4500 -
6000 It to confirm a glaciation date of
approximately 12 ka.
Serpentinites, perhaps more than any other rock type, control the
composition and evolution of the development of the surrounding
ecosystems. The bulk chemistry of serpentinite rocks, high in Mg and trace
elements, and low in nutrients such as Ca, K, P, and N, causes an extreme
and stressful environment for ecosystems. However, the role that those
serpentine ecosystems play in development of serpentine soils has not been
examined.
